Freeze-fracture study of rat liver peroxisomes: evidence for an induction of intramembrane particles by agents stimulating peroxisomal proliferation.
The membrane ultrastructure of isolated rat liver peroxisomes has been observed by rapid freezing and freeze-fracture techniques. Unidirectional and rotary shadowing allows a clear visualization of the intramembrane particles (IMPs) on both the protoplasmic fracture (PF) leaflet and the endoplasmic fracture (EF) leaflet and reveals an asymmetric distribution of IMPs. Both fracture faces were uniformly studded by IMPs, and the frequency was about seven times higher on the P face (2322 per 1.0 micron2) than on the E face (322 per 1.0 micron2). Administration of the peroxisomal proliferator clofibrate (ethyl-p-chlorophenoxyisobutyrate) induced a marked increase in the frequency of IMPs on both the P face (2.2-fold) and the E face (1.7-fold). The average size decreased (P less than 0.001) from 45.7 +/- 16.5 nm2 to 35.2 +/- 10.8 nm2 on the P face. A similar increase in the frequency of IMPs was observed on the P face (1.8-fold) and the E face (1.8-fold) of peroxisomes from rats fed a semisynthetic diet containing 20% (w/w) of partially hydrogenated fish oil. The average size increased (P less than 0.001) from 36.6 +/- 19.7 to 50.0 +/- 23.5 nm2 on the E face. This study demonstrates alterations both in frequency and size distribution of IMPs in liver peroxisomal membranes on exposure of rats to agents known to induce peroxisomal proliferation. The increase in frequency of IMPs was as expected from the observed increase in one of the major integral membrane polypeptides, with apparent molecular mass of 69 (or 70) kDa, in proliferating rat liver peroxisomes.